Abstract: Inadequate use of human resources is one of the main challenges facing the management sector these days. Employee is the primary foundation and impetus for organisation development, by understanding and evaluating employees correctly, the enterprise can impel employees effectively and guarantee the organisation's rapid and sustainable development. This paper establishes the more comprehensive evaluation index system and describes the evaluating mechanism based on MCDM techniques. In the event the determination of appraisal criteria was done by using fuzzy Delphi method and TOPSIS, FTOPSIS were used for ranking employees. Comparisons of these two methods specify the similarities or differences between them and also examine the superiority of FTOPSIS over TOPSIS which is widely accepted as the result of using fuzzy numbers. Eventually, through statistical tests, the results obtained from these methods were compared. The proposed model was applied in Kayson Company, a leading private-sector engineering and construction company.
Introduction
Employees are the most important assets of a company. Other properties like company strategies, business models, services, and products can be copied by competitors in market but employees are the ones that actually form the company. Talented and capable employees provide competitive advantage to the company in order to survive in the competitive market. An employee's performance is influenced by various factors like his/her skills, knowledge, capability, work attitude, leadership quality, working environment, employer's attitude and company's overall management system. It is beneficial for the top management level to conduct performance measurement among their employees regularly in order to manage and control high quality work from their employees. Creating and examining factors and ways to measure the high and low performance of employees is a fundamental way to lead towards efficient employee management (Judge and Ferris, 1993) . Without good performance appraisal systems, managers risk making wrong personnel decisions and adversely affecting organisations' performance. Good performers may not receive adequate positive feedback and become frustrated and leave, causing the organisation to incur high recruitment costs (Anisseh et al., 2009) . As stated by Cheng, the performance evaluation has multi-level and multi-factor features, so that such problem can be regarded as multi-criteria decision-making (MCDM) problem (Wang and Chang, 2007) . MCDM refers to screening, prioritising, ranking, or selecting a set of alternatives under usually independent, incommensurate or conflicting attributes (Hwang and Yoon, 1981) . Several methods exist for MCDM. There are no better or worse techniques, but some techniques better suit to particular decision problems than others do (Mergias et al., 2007) .
According to Loken, existing MCDM methods can be classified into three broad categories:
1 value measurement models: AHP and multi-attribute utility theory (MAUT) are the best known method in this group 2 goal, aspiration and reference level models: goal programming (GP) and TOPSIS are the most important methods that belong to the group 3 outranking models: ELECTRE and PROMETHEE are two main families of method in this group (Løken, 2007) The main objective of this study is to propose a systematic evaluation model to help the managers for the evaluation of employees' performance based on evaluation criteria. Performance evaluation is both a MCDM problem where many criteria should be considered in decision making and a problem containing subjectivity and uncertainty. Therefore, this study utilises fuzzy Delphi method to determine the most important criteria and fuzzy TOPSIS to obtain the rating of each alternative and the weight of each criterion in linguistic terms which can be expressed in triangular fuzzy numbers. This method is employed for four reasons:
a a sound logic that represents the rational of human choice b a scalar value that accounts for both the best and worst alternative simultaneously c a simple computation process that can be easily programmed into a spreadsheet d the performance measures of all alternatives on attributes can be visualised on a polyhedron, at least for any two dimensions (Shih et al., 2007) .
The remainder of this paper is organised as follows: Section 2 briefly describes the proposed methods. In Section 3, proposed model for employees' performance appraisal is presented and the stages of the proposed approach are explained in detail. How the proposed model is used on a real world example is explained in Section 4. In Sections 5 to 7, results discussion, managerial implications and conclusions were provided, respectively.
Methods

The fuzzy Delphi method
The traditional Delphi method has always suffered from low convergence of expert opinions, high execution cost, and the possibility that opinion organisers may filter out particular expert opinions. Murry et al. (1985) thus proposed the concept of integrating the traditional Delphi method and the fuzzy theory to improve the vagueness and ambiguity of Delphi method. Membership degree is used to establish the membership function of each participant. Ishikawa et al. (1993) further introduced the fuzzy theory into the Delphi method and developed max-min and Fuzzy Integration algorithms to predict the prevalence of computers in the future. However, this method is only applicable to the prediction of time series. Besides, Hsu and Yang (2000) applied triangular fuzzy number to encompass expert opinions and establish the fuzzy Delphi method. The max and min values of expert opinions are taken as the two terminal points of triangular fuzzy numbers, and the geometric mean is taken as the membership degree of triangular fuzzy numbers to derive the statistically unbiased effect and avoid the impact of extreme values. This method may create a better effect of criteria selection. It features the advantage of simplicity, and all the expert opinions can be encompassed in one investigation. The similarities and differences between this fuzzy Delphi method and the traditional Delphi method are listed as follows:
1 Both methods are intended to collect the group decision of expert opinions.
2 The traditional Delphi method requires multiple investigations to achieve the consistency of expert opinions, but the new fuzzy Delphi method requires only one investigation and all the opinions can be covered.
3 In the traditional Delphi method, experts are required and forced to modify their opinions so as to meet the mean value of all the expert opinions. If their opinions are not modified, they may be excluded. Thus, it is possible that useful information may be lost. The new fuzzy Delphi method respects the original opinions of all the experts. It gives a different membership degree for each possible consensus.
4 The traditional Delphi method requires a considerable time for collecting expert opinions. The cost is high, and the fuzziness in the process cannot be excluded. The new Fuzzy Delphi method does not have the above-mentioned weaknesses.
To sum up, the main advantage of the fuzzy Delphi method for collecting group decision lies in that every expert opinion will be considered and integrated to achieve the consensus of group decisions. In addition to fuzzy parts in human thinking, uncertain and subjective messages can also be induced. Moreover, it reduces the times of investigation and the consumption of cost and time.
Questionnaire design
Questionnaire survey was the main research tool in this study. The questionnaire was about importance of performance appraisal indicators, and a 1-10 point scale was used.
Selection of appraisal indicators
In the selection of appraisal indicators, the fuzzy Delphi method proposed by Hsu and Yang (2000) was adopted in this study to denote expert consensus with geometric means. The process is demonstrated as follows:
1 Organise expert opinions collected from questionnaires into estimates, and create the triangular fuzzy number as follows:
where X Ai indicates the appraisal value of the ith expert for criterion A; L A indicates the bottom of all the experts' appraisal value for criterion A; M A indicates the geometric mean of all the experts' appraisal value for criterion A and U A indicates the ceiling of all the experts' appraisal value for criterion A.
In this study, the geometric mean M A of each indicator's triangular fuzzy number was used to denote the consensus of the expert group on the indicator's appraisal value, so that the impact of extreme values could be avoided. For the threshold value r, the 80/20 rule was adopted with r set as 7.2. This indicated that among the factors for selection, '20% of the factors account for an 80% degree of importance of all the factors'. The selection criteria were:
• if M A ≥ r = 7.2, this appraisal indicator is accepted
• if M A < r = 7.2, this appraisal indicator is rejected (Kuo and Chen, 2008) .
The TOPSIS method
The TOPSIS (technique for order preference by similarity to ideal solution) was first developed by Hwang and Yoon (1981) . According to this technique, the best alternative would be the one that is nearest to the positive ideal solution (PIS) and farthest from the negative ideal solution (NIS) (Ertuğrul and Karakaşoğlu, 2007) . The PIS is a solution that maximises the benefit criteria and minimises the cost criteria, whereas the NIS maximises the cost criteria and minimises the benefit criteria (Wang and Elhag, 2006) .In short, the PIS is composed of all best values attainable of criteria, whereas the NIS consists of all worst values attainable of criteria (Wang, 2007) .The various J alternatives are denoted as A 1 , A 2 , ..., A j . For alternative A j , the rating of the ith aspect is denoted by f ij , i.e., f ij is the value of ith criterion function for the alternative A j ; n is the number of criteria. The TOPSIS procedure consists of the following steps:
Step 1 Calculate the normalised decision matrix. The normalised value r ij is calculated as:
Step 2 Calculate the weighted normalised decision matrix. The weighted normalised value v ij is calculated as:
where w j is the weight of the ith attribute or criterion, and
Step 3 Determine the ideal and negative-ideal solution:
where I' is associated with benefit criteria, and I'' is associated with cost criteria.
Step 4 Calculate the separation measures, using the n-dimensional Euclidean distance. The separation of each alternative from the ideal solution is given as:
Similarly, the separation from the NIS is given as:
Step 5 Calculate the relative closeness to the ideal solution. The relative closeness of the alternative A j is defined as:
Step 6 Rank the preference order (Önüt and Soner, 2007) .
The fuzzy TOPSIS method
The TOPSIS is widely used for tackling ranking problems in real situations. Despite its popularity and simplicity in concept, this method is often criticised for its inability to adequately handle the inherent uncertainty and imprecision associated with the mapping of the decision-maker's perception to crisp values (Chan and Kumar, 2007) . In the traditional TOPSIS, most of the input variables are assumed to be precise and are treated as crisp numerical data. It is obvious that much knowledge in the real world is imprecise rather than precise. The imprecision comes from a variety of sources such as unquantifiable information, incomplete information and non-obtainable information (Olcer and Odabasi, 2005) . However linguistic variables expressed in fuzzy numbers seem more appropriate for describing those inputs in TOPSIS. As a result, fuzzy TOPSIS and its extensions are developed to solve ranking and justification problems (Aouam et al., 2003; Wang and Parkan, 2005; Ding and Liang, 2005; Tseng and Chiu, 2005; Yong, 2006; Yang and Hung, 2007) . This study uses triangular fuzzy number for fuzzy TOPSIS. The reason for using a triangular fuzzy number is that it is intuitively easy for the decision makers to use and calculate. In addition, modelling using triangular fuzzy numbers has proven to be an effective way for formulating decision making problems where the information available is subjective. In the following, some basic definitions of fuzzy sets are given (Cheng and Lin, 2002; Wang and Chang, 2007; Ertuğrul and Karakaşoğlu, 2008; Chen, 2000) .
Definition 1: A real fuzzy number A is described as a fuzzy subset of the real line R with member function f A that represents uncertainty. A membership function is defined from universe of discourse to (0, 1) (see Figure 1) . 
This representation is useful for the arithmetic operation on fuzzy numbers. With this notation, the arithmetic operations on fuzzy numbers are defined as follows:
( )
Definition 3: A linguistic variable is a variable values of which are linguistic terms (Chen, 2000; Zadeh, 1975) . The concept of linguistic variable is very useful in dealing with situations which are too complex or too ill-defined to be reasonably described in conventional quantitative expressions (Chen, 2000; Zadeh, 1975) . For example, 'weight' is a linguistic variable; its values are very low, low, medium, high, very high, etc. These linguistic values can also be represented by fuzzy numbers.
Definition 4: According to the vertex method stated by Chen (2000) , the distance between fuzzy numbers (a 1 , b 1 , c 1 ) and (a 2 , b 2 , c 2 ) is calculated as:
The problem can be described by following sets (Chen, 2000) :
2 a set of n criteria, C = {C 1 , C 2 , ..., C i } 3 a set of performance ratings of A j (j = 1,2, ..., J) with respect to criteria
4 a set of importance weights of each criterion w i (i = 1, 2, 3, . . . n).
In Chen's paper, these ratings and the weights are also linguistic variables described by positive triangular fuzzy numbers ij X = (a ij , b ij , c ij ) and W = (w j1 , w j2 , w j3 ) as Tables 1 and 2, respectively. Assume that a decision group has K persons, and then the rating ij X and the importance weight j W are calculated as:
where K is a number of decision makers, and k ij X and k j W are the rating and the importance weight of the Kth decision maker, respectively. And then, to avoid the complicated normalisation formula and to transform the various criteria scales into a comparable scale, the linear scale transformation is used and the normalised fuzzy decision matrix denoted by R is obtained.
where B and C are the set of benefit criteria and cost criteria, respectively, and
The normalisation method mentioned above is to preserve the property that the ranges of normalised triangular fuzzy numbers belong to (0, 1). Medium good (MG) (5, 7, 9)
Good (G) (7, 9, 10)
Very good (VG) (9, 10, 10) Considering the different importance values of each criterion, the weighted normalised fuzzy-decision matrix is constructed as:
where .
(.) ij ij j v r w = According to the briefly summarised fuzzy theory above, fuzzy TOPSIS steps can be outlined as follows:
Step 1 Choose the linguistic ratings, ij X , i = 1, 2, 3, ...., n, j = 1, 2, 3, ...., j for alternatives with respect to criteria. The fuzzy linguistic rating ij x preserves the property that the ranges of normalised triangular fuzzy numbers belong to (0, 1); thus, there is no need for normalisation.
Step 2 Calculate the weighted normalised fuzzy decision matrix. The weighted normalised value ij V calculated by equation (19).
Step 3 Step 4 Calculate the distance of each alternative from A* and A -using the following equations:
where d (.,.) is the distance measurement between two fuzzy numbers.
Step 5 Calculate similarities to ideal solution.
* , 1, 2, , .
Step 6 Rank preference order. Choose an alternative with maximum 
The proposed model
The proposed model for employees' performance appraisal consists of two basic stages:
1 identify the criteria to be used in the model 2 assigning criteria weights and evaluation of alternatives with fuzzy TOPSIS and determination of the final rank.
In the first stage alternative employees are defined and the criteria which will be used in their evaluation are determined by using fuzzy Delphi method. In second stage the weights of criteria and alternative ranks are determined by using fuzzy TOPSIS method. Linguistic values are used for criteria weights and evaluation of alternative in this step. The triangular fuzzy numbers related with these variables are shown at (Tables 1 and 2 ). The employee having the maximum * j CC value is determined as the optimal alternative according to the calculations by fuzzy TOPSIS. Ranking of the other employees is determined according to * j CC in descending order. Schematic diagram of the proposed model for employees' performance appraisal is provided in Figure 2 . 
A numeric application of proposed model
Proposed model is applied to a construction company. Four employees A 1 , A 2 , A 3 , A 4 are chosen as alternatives. For the application, a pool of criteria was formed by considering few articles that is shown in Table 3 . Then an expert team was formed from five junior managers of the company in order to determine the most important indicators. Due to experts' opinion and applying fuzzy Delphi method the most important criteria were determined as follows: 10 organising (C 10 ).
Since 360 degree method is applied in this study, appraisers' team was held from six people including the employee that is under evaluation. The hierarchical structure of this decision problem is shown as Figure 2 . The proposed method is currently applied to solve this problem and the computational procedure is summarised as follows:
Step 1 The experts use the linguistic weighting variables (shown in Table 1 ) to assess the importance of the criteria.
Step 2 The appraisers use the linguistic rating variables (shown in Table 2 ) to evaluate the rating of alternatives with respect to each criterion.
Step 3 Constructing the fuzzy decision matrix and determine the fuzzy weight of each criterion as Table 4 .
Step 4 Constructing the normalised fuzzy decision matrix as Table 5 .
Step 5 Constructing the weighted normalised fuzzy decision matrix as Table 6 .
Step 6 Determine FPIS and FNIS as:
, 1, 1 ; 1, 1, 1 ; 1, 1, 1 ; 1, 1, 1 ; 1, 1, 1 ; 1, 1, 1 ; 1, 1, 1 ; 1, 1, 1 ;
1, 1, 1 ; 1, 1, 1 
Step 7 Calculate the distance of each candidate from FPIS and FNIS, respectively, as Table 7 .
Step 8 Calculate the closeness coefficient of each candidate as: Step 9 According to the closeness coefficient, the ranking order of the four candidates is A 2 , A 4 , A 3 and A 1 . Obviously, the best selection is candidate A 2 .
Table 4
The fuzzy decision matrix and fuzzy weights of three alternatives
(7, 9, 10) (2.5, 4.33, 6.33) (7, 9, 10) (8, 9.5, 10) (8.33, 9.66, 10) A2 (8.66, 9.83, 10) (7, 9, 10) (8, 9.5, 10) (7.66, 9.33, 10) (6.33, 8.33, 9.5) A3 (7.66, 9.33, 10) (7.33, 9.16, 10) (7.66, 9.33, 10) (8.33, 9.66, 10) (2, 3.66, 5.66) A4 (7.33, 9.16, 10) (8, 9.5, 10) (8, 9.5, 10) (6.33, 8.33, 9.5) (5.66, 7.66, 9) Weight (0.7, 0.86, 0.94) (0.86, 0.98, 1) (0.9, 1, 1) (0.74, 0.92, 1) (0.74, 0.92, 1)
C 10 A1 (7, 9, 10) (3.66, 5.66, 7.5) (7.33, 9.16, 10) (5.66, 7.66, 9) (1, 2.33, 4.33) A2 (9, 10, 10) (7.33, 9.16, 10) (8.66, 9.83, 10 (7, 9, 10) (5.66, 7.66, 9) A3 (6.66, 9.33, 10) (6.66, 8.5, 9.5) (7.66, 9.33, 10) (7.33, 9.16, 10) (3.16, 5, 6.83) A4 (7.66, 9.33, 10) (6.33, 8.33, 9.5) (7.66, 9.33, 10) (7, 9, 10) (5.66, 7.66, 9) Weight (0.82, 0.96, 1) (0.82, 0.96, 1) (0.82, 0.96, 1) (0.74, 0.84, 1) (0.66, 0.84, 0.94)
Table 5
The fuzzy normalised decision matrix 
Table 6
The fuzzy weighted normalised decision matrix 
Discussion
Here, we tried to solve the problem of employees' performance appraisal where the traditional employee appraisal and selection process uses an experimental and statistical techniques approach. In the experimental approach, decision-makers select based on their understanding of the job specifications. The process generally has individual biases and stereotypes. The statistical techniques approach supports the engaging decision through the arrangement of test scores and the measure of accomplishment for the employee. The employee's allegiance to the organisation is dependent on the employee's behaviour in the engaging process. If the employees are reasonably treated during the evaluation and selection phase, they should be more committed to the organisation. Since many criteria must be considered in appraisal process, employees' performance evaluation can be viewed as a multiple criteria decision-making problem. Several methods exist for MCDM. There are no better or worse techniques, but some techniques are better suited to particular decision problems than others do. The advantage of these methods is that they can account for both financial and non-financial impacts. Among these methods, the technique for order preference by similarity to ideal solution (TOPSIS) is a widely accepted technique due to its sound logic, simultaneous consideration of the ideal and the anti-ideal solutions, and easily programmable computation procedure. In TOPSIS, most of the input variables are assumed to be precise and are treated as crisp numerical data. It is obvious that much knowledge in the real world is imprecise and this imprecision is due to a variety of sources such as unquantifiable information, incomplete information and non-obtainable information. However linguistic variables expressed in fuzzy numbers seem more appropriate for describing those inputs in TOPSIS.
In this study in order to compare FTOPSIS and TOPSIS, we applied TOPSIS with the same data. The weights of criteria were calculated by using entropy Shannon method and are shown in Differences and similarities between the results obtained from those methods can be examined by the help of Wilcoxon signed-rank test. The result of this test is expressed in Table 9 . Table 4 , the result of applying linguistic variables is to obtain fuzzy values; it is difficult to compare the criteria weights with the ones obtained by Entropy Shannon. Therefore, the fuzzy ordering method must be applied in order to undergo the ordering preference to each criterion and to defuzzify (defuzzification the obtained fuzzy value. Based on the 'Gravity Rule' of fuzzy value ordering, the procedure of defuzzification can be simplified without any decision bias. So, this research applies the 'Gravity Rule' to obtain each criterion defuzzified values. The defuzzified value obtained from the formula as below, are shown in Table 10 .
DFi (URi MRi LRi) / 3 = + +
DFi defuzzification value
Uri the maximum value of triangular fuzzy number
MRi the average value of triangular fuzzy number
LRi the minimum value of triangular fuzzy number. The result of Friedman test is shown in Table 11 . It is obvious that because of sig. > 0.05, the hypothesis about different weights is rejected and their similarity is proved. Since FTOPSIS and TOPSIS have co-equally ranked the alternatives, as a consequence their specific figures (closeness coefficient) were compared. From these comparisons, it is deduced that superiority of FTOPSIS over TOPSIS is rejected. The results also show that there is no meaningful difference between weights gained from entropy Shannon and the ones expressed in fuzzy numbers and defuzzified by gravity rule.
Managerial implication of model application
Since employees' performance appraisal is one of the most important functions of human resource management in the organisation, designing a proper appraisal system plays a great role in employees' job motivation and satisfaction, which leads to employees' productivity increase and can significantly affect future competitiveness and performance of organisation. In order to have an effective appraisal system, a proper appraisal method should be selected. There are various types of appraisal methods each with weaknesses and strengths. The 360 degree feedback is one of these methods in which an employee is evaluated by people with different points of view. While the employees are involved in the appraisal process, the result is accepted by them. This method is free of appraisal errors and has high comparative ability. In a well designed appraisal system, the criteria cover different aspects such as employee's traits, behaviours, knowledge, skills, and task outcome. Since in performance evaluation many criteria should be considered, employees' performance appraisal can be treated as a MCDM problem. While MCDM techniques consider different criteria both quantitative and qualitative at the same time and also decreasing subjective effects, it will lead to better results, if managers use MCDM techniques instead of applying experimental and statistical techniques.
Conclusions
This paper has proposed decision-making methods in order to solve the problem of performance appraisal and employee ranking. These methods can be used for various kinds of selection of alternatives. In this study, first the fuzzy Delphi method was applied in order to determine performance appraisal criteria, then the weights of the criteria were described by using linguistic variables and employees were ranked by using FTOPSIS method.
In the second method, the weights of criteria were calculated by using entropy Shannon and employees were ranked by applying TOPSIS. By making use of the advantages of statistical tests, the results obtained from the two methods, weights of criteria and final ranking were compared and it was observed that and these methods were co-equal and there were no differences between them. Therefore, the superiority of FTOPSIS over TOPSIS and vice versa was rejected. Thus, in order to avoid complicated calculations, we suggest using TOPSIS.
In addition, regarding 'criteria weights', it was determined that the results and figures obtained from using the triangular fuzzy numbers and the ones from Entropy Shannon were the same with no difference between them. Hence, in order to avoid complicated calculations, the use of linguistic variables and triangular fuzzy numbers are suggested to gain the 'criteria weights'.
As a conclusion, we can propose a model in which criteria importance weights are determined in terms of linguistic variables and triangular fuzzy numbers and then are converted to crisp values by applying defuzzification methods. Finally, by using TOPSIS, alternatives are ranked.
For future research, performance appraisal can be accomplished through other methods which are also used for evaluation problems (i.e., ELECTRE, PROMETHEE, etc.). The results obtained from these methods can be compared with applied methods in this study. Considering that in the 360 degree method, employees are evaluated by different people with varying points of views, it is recommended that commensurate weights are assigned to the views of appraisers by taking into account their positions in the organisational hierarchy.
Since appraisal criteria belong to different types of skills, we can consider skills as the main criteria and their indicators as sub-criteria. Consequently, AHP can be utilised in order to determine the weights of the main criteria and sub-criteria.
